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(54) TItie: METHOD FOR INmATING A RETRIEVAL PROCIEDURE IN VIRTUAL GROUND ARRAYS 



(57) Abstract 

A method for detecting the con- 
tent of a selected memory cell (106) 
in a memory cell array (100) includes 
the steps of charging a drain of the se- 
lected memory cell to a ground poten- 
tial, charging a source of the selected 
memory cell to a predetermined voltage 
potential (VI). detecting the voltage 
level on the drain and comparing the 
detected voltage level with a reference 
voltage level (Vreference), thereby pro- 
ducing a comparison result. 



100 



105„ 



V, ov ov ov 



HDfD|OfO-j-aH 

-4b4^ila+n-l-Q 



A 

. ^ 102. 



a--D--n--Q--Q 



a--ci--o-Q--Q 



a--iii--D"n-o 



O--'^ 102^ 



104,-^1 L H 



• • • • • » 

{□4-D4<>l-D-l-d- 



104, 



104.: 



102^1 
102^ 




120 



122 





SENSING 




AMPUFIER 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


PR 


France 


LU 


Luxembourg 


SN 


Senega) 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and HeizBgovina 


GE 


Georgia 


MD 


Republic of Nfoldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The fonner Yugoslav 


TM 


T^ufcmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Ttakey 


EG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobiigo 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


VZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Nethertands 


YU 


Yugoslavia 


CH 


Switrerland 


KG 


Kyigyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cdte d'lvoire 


KP 


Demcciatic PeopIe*s 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazalcstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmait 


UC 


Sri Lanka 


SE 


Sweden 






EE 


Estcmia 


LR 


Liberia 


SG 


Singapore 







wo 00/46808 



PCT/ILOO/00076 



METHOD FOR INITIATING A RETRIEVAL PROCEDURE IN VIRTUAL 

GROUND ARRAYS 

FIELD OF THE INVENTION 

The present invention relates to methods and semiconductor memory 
systems for storing and managing data in general and to methods for initiating a 
retrieval procedure from data storage units, in particular. 

BACKGROUND OF THE INVENTION 

Memory devices, such as random access memory (RAM), read only 
memory (ROM), non-volatile memory (NVM) and the like are known in the art. 

Reference is now made to Fig. 1 which is a schematic illustration of a 
virtual ground memory array, generally referenced 10, which is known in the art. 
Array 10 includes a plurality of memory cells 16, a plurality of word lines 12 and 
a plurality of bit lines 14. 

The memory cells 16 are arranged in a matrix. Each of the memory 
cells 16 is also denoted by an index (x,y) which indicates its location within the 
matrix. 

Each row of cells is integrally connected to a word line. For example, 
all of the cells in the first upper line of cells, from cell 16(i.i) to cell 16(m.i). are 
connected to word line 12v Each column of cells is connected to two bit lines, 
one on either side. For example, all of the cells in the left column, from cell 
16(1,1) to cell 16(i.n). are connected to bit line 14i. on one side (left) and to bit line 
142 on the other side (right). In general, a cell 16(x.y) is connected to word line 
12y and to bit lines 14x and 14x+i. 

Accordingly, tapping onto a selected word-line and two selected 
adjacent bit lines enables performing various procedures on the cell which is 
connected thereto. 

At first, the source and drain bit-lines are connected to a voltage 
source which provides a predetermined voltage level of Vi {Vi>D. and typically, 
around 1.5 volts), thereby pre-charging them to that predetermined voltage level 
Vi. The voltage level Vi is selected according to a plurality of parameters, such 
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as the memory cell characteristics, the word line voltage and the like. The 
voltage level Vi is typically in the range of 1-2 volts. 

Then, the source bit-line is discharged to ground potential, the drain 
bit-line is disconnected from the Vi voltage source and is connected to a 
sensing amplifier, referenced 22, via a decoder 20. The voltage level which is 
detected on the drain bit-line is used to determine the data content of the read 
memory cell. 

It is noted that the decoder 20 generally includes all of the electronic 
units which are located between the selected cell and the sensing amplifier 22. 

The following is an example of a conventional method for reading the 
content of a selected cell. In a read procedure, one of the two selected bit lines 
is defined as a source and the other is defined as a drain from which the content 
of the cell will be read. For reading the content of memory cell 16(L*i.k), bit line 
14l+i is defined as a source and bit line 14l+2 as the drain. 

Reference is now made to Figs. 2 and 3. Fig. 2 is an illustration of a 
voltage versus time diagram, relating to the voltage which is applied and 
detected over a drain bit line. Fig. 3 is a schematic illustration of a method for 
detecting the content of a selected memory cell which is known in the art. The 
following is a description of this method. 

In step 50, a plurality of bit lines are connected to a voltage source 
(not shown) and are thus pre-charged to a predetermined voltage level Vi 
(typically around 1.5 volts). These bit lines include the source bit line 14l+i, the 
drain-bit line 14l+2 and other bit-lines which are adjacent to the drain bit-line, 
such as bit-lines 14l+3 and 14l*4. 

It will be appreciated by those skilled in the art that a cell experiences 
electrical activity when there is a voltage difference between the two bit-lines 
which are connected thereto. Accordingly, if bit-line 14l+3 is kept at a potential 
which is different than Vi. then cell 16(l+2.k) will conduct current. 

For example, when bit-line 14l+3 is kept at a voltage level which is 
lower than Vi, then it is considered a source bit-line of cell 16(t+2.K). while bit-line 
14l^2 is considered a drain bit-line for that cell 16(l*2,k). In a situation such as 
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this, cell 16<L+2.K) conducts electrical current and hence, "leaks'* electrical current 
towards bit-line 14l+2. 

The electrical cun^ent which is detected from bit-line 14l+2 now 
includes currents received from cell 16(l*i.k) as well as from cell 16(l+2.k). Such a 
leakage from a neighbor cell 16(U2.k) induces an error In the reading of celf 
16(L*i.K). Furthermore, as the voltage gap between bit-lines 14l+2 and 14l+3 
increases, so does the cuaent leakage from cell 16(l+2.k), and hence the induced 
error. It will be appreciated by those skilled in the art that such enx)rs 
significantly interfere with any reading attempt of the selected cell 16(l+i.k). 

The general common approach, known in the art, is to attempt to 
eliminate the electrical activity within adjacent cells, such as cell 16(l+2.k). by 
equating the voltage on bit lines which are connected thereto. Accordingly, bit 
line 14u3 is connected to a voltage source of the same electrical potential level 
(i.e.. Vi). 

It is hereby noted that such leakage effects of neighbor cells also 
extend to other adjacent cells, located in the same row. further down the line 
from cell 16(l+2,k). Hence, it is recommended that an electrical potential of Vi will 
be applied to the bit lines which are connected thereto, such as bit-lines 14l+4. 

In step 52, the source bit-line is discharged to ground, thereby 
establishing electrical activity within memory cell 16(l+i.k)- 

With reference to Fig. 2, section 30 illustrates the voltage rise, during 
the pre-charge step 50. which can be read from bit-line 14l+2 as it is pre-charged 
toVi. 

In step 54, the drain bit-line 14l+2 and the neighbor bit-lines 14l*3 and 
14l+4 are disconnected from the Vi voltage source. The voltage level which is 
read from bit-line 14l+2 can be now used to determine the state of the selected 
cell 16(L+i.K) as being programmed or erased (step 56). 

In step 56, the sensing amplifier 22 detects the voltage level of the 
drain bit-line 14l+2. 

It will be appreciated by those skilled in the art that a memory cell, 
such as FLASH, ROM, EPROM. EEPROM, and the like, exhibits greater 
resistance to the flow of electrons therethrough when it is in a programmed 
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State, contrary to the situation when it is in an erased state. Accordingly, an 
erased cell exhibits a faster decay of the voltage, detected at the drain bit-line, 
than a programmed cell does. 

With reference to Fig. 2. line 32 represents the voltage level decay 
which is detected for a programmed cell, while line 34 represents the voltage 
level decay which is detected for an erased cell. 

In step 58, at a predetermined point in time T2. the detected voltage 
level (VpROGRAMMED Of Verased) is compared against a reference level Vreference- 
With reference to Fig. 2. line 36 represents a reference voltage profile, which 
reaches a reference voltage level Vreference at time T2, 

In step 60. the sensing amplifier determines the value of the data 
which is stored in the selected cell. When the detected voltage level is located 
above the reference level Vreference, then the sensing amplifier provides an 
output which indicates that the cell is programmed. In this case, the detected 
voltage level decay is slower than the reference voltage decay. 

Altematively, when the detected voltage level is located below the 
reference voltage level Vreference. then the sensing amplifier provides an 
output which indicates that the cell is erased. In this case, the detected voltage 
level decay is faster than the reference voltage decay. 

Finally, after a predetermined period of time, T2, a programmed cell 
will reach a voltage level of Vrrogrammed. an erased cell will reach a voltage 
level of Verased, and the reference voltage will reach a voltage level of 
Vreference. 

Typically, the voltage levels of Vrrogrammed, Verased and Vreference 
are around 1.5 volts and the differences Vprogrammed- Vreference and 
Vreference- Verased at T2 are within a range of 50-100 mV. Thus we obtain that: 

VpROCRAMMECr VrEFERENCE ^ VrEFEREI^E ~ V ERASED ^ Q 

Vreference VREFSREf^E 

^PROGRAMMD ~ ^REFERENCE ^ ^ REFERENCE ^ ERASED ^ (\ 

V ^ V ~w-uo 

'Preference 'Preference 

Accordingly, the portion of the relevant data signal (programmed or 
erased) within the overall detected signal is significantly small. Hence, extracting 
the encapsulated data from the detected signal is not an easy task. It will be 
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appreciated by those skilled in the art that such a signal is considerably 
vulnerable to disturb effects which are induced by neighbor cells, due to 
leakage, therebetween. 

According to the general approach, all of the array is kept at Vi. 
where only the source bit-lines of read cells are "pulled" to ground. It is noted 
that pre-charging an entire cell array to Vi is a considerable task which requires 
large power supply units. 

Another approach, known in the art, is commonly implemented for 
flash cell arrays. According to this approach, the array is segmented into a 
plurality of blocks, for example blocks of 1024 bit lines x 32 word lines, 1024 bit 
lines X 64 word lines or 1024 bit lines x 128 word lines. This segmentation is 
necessary due to the programming and erasing disturtjs which are related to the 
physical characteristics of flash cells. 

Each time that a cell, in a selected block of cells, is read, a significant 
number of bit lines in that block of cells have to be pre-charged to a 
predetemnined voltage level. Accordingly, the electrical current which is needed 
for this multiple bit-line pre-charge is significantly high. Moreover, the initiation of 
such a pre-charge is characterized by a sudden rise in the electrical current 
load. It is noted that, in order to provide the required conditions, the pre-charge 
mechanism has to include a high current power supply. 

A conventional flash cell in a 0.35|i technology is characterized by a 
capacitance of 5fF, per bit. A block of 1024x128 cells is therefore characterized 
by a capacitance of around 600 pF. 

Conventional pre-charge mechanisms include either P-type 
transistors or N-type transistors. Such a pre-charge mechanism switches a 
bit-line between ground voltage level and an intennediate voltage level Vi. 
Conventionally, a large number of bit-lines have to be pre-charged and 
equalized to a predetermined intermediate voltage level. Using N-type 
transistors prolongs the equalization time period at the intermediate voltage 
level, due to their non-low impedance. 

Reducing this time period requires reducing the impedance, 
conventionally by enlarging the transistor, which Increases the size of the chip. 
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It is noted that a pre-charge structure which includes a P-type 
transistor and an N-type transistor is also known in the art. The P-type 
transistor is used for charging to intermediate voltage levels and the N-type 
transistor is used for charging to ground level. It is noted that such a structure 
consumes large chip area. 

According to yet another approach, only several bit lines, adjacent to 
the drain bit-line, are pre-charged to Vi. so as to reduce the amount of cuaent 
required for each pre-charge procedure. To determine and select the neighbor 
bit lines, a special Y-decoder is used. A Y-decoder is a conventional device 
which is used to connect each of the cells outside of the array either to a 
pre-charge unit or to a sensing unit. When a Y-decoder receives a request to 
access a selected cell, it determines which of the adjacent cells, and respective 
bit-lines, have to participate in the pre-charge procedure. It is noted that such a 
mechanism is highly complicated, due to the plurality of cases which are present 
in such a system. Constructing such a Y-decoder consumes considerable 
amounts of space and resources, within the designed chip. 

Furthermore, it is noted that the number of neighbor cells, which 
participate in the pre-charge procedure has a significant effect on the readout 
which is detected on the read cell drain bit-line. When the number of neighbor 
cells is small, there is a high probability of interference from the neighbor cells to 
the read cell. When the number of neighbor cells is large, then there is a large 
current spike. 

The extemal power supply voltage (Vcc) which is provided to the chip 
can be in a broad range, typically from 2.7 to 3.6 volts. It is noted that, since the 
internal pre-charge voltage levels have to be accurate (around 1.5 to 1.6 volts), 
it is necessary to design an internal, low impedance, regulated power supply 
unit for significantly large currents which can provide accurate pre-charge 
voltage for a plurality of bit-lines. Such a power supply unit requires a large 
amount of space and large currents to operate. 

It will be appreciated by those skilled in the art that the drive current 
parameter Idrive is used to characterize the current efficiency of a given 
transistor, where 
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Idriveoc(Vc-Vt-Vs)^ oc(2.7- | 0.8+0.2 I -1 .5)^=(0.2)^=0.04. 

With this low current efficiency, the pre-charge and equalization 
operations of the prior art require a significant amount of time to finish, a 
non-ideal situation. 

SUMMARY OF THE PRESENT INVENTION 

It is an object of the present invention to provide a novel method for 
initiating a retrieval procedure in memory arrays. 

It is noted that the following definitions are used in the description of 
the invention: a "drain" is the bit line which is connected to the sensing amplifier 
and a "source" is the bit line which is connected to a constant voltage potential, 
which in the prior art, is the ground potential. In the present invention, the 
source is connected to a constant voltage potential, which is set to a voltage 
level greater than zero. 

In accordance with the present invention, there is thus provided a 
method for detecting the content of a selected memory cell, within a memory 
cell array. Each of the memory cells includes a source and a drain. The method 
includes the steps of charging a drain of the selected memory cell to a ground 
potential, charging a source of the selected memory cell to a predetermined 
voltage potential, detecting the voltage level on the drain and comparing the 
detected voltage level with a reference voltage level, thereby producing a 
comparison result. 

The method can further include the step of determining the content of 
the selected memory cell according to the comparison result. 

The content is determined as programmed when the comparison 
result indicates that the detected voltage level is lower than the reference 
voltage level. Similarly, the content is determined as erased when the 
comparison result indicates that the detected voltage level is higher than the 
reference voltage level. 

In accordance with another aspect of the invention there is provided 
an alternative method for detecting the content of a selected memory cell within 
a memory cell array. The method including the steps of connecting a source and 
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drain of the selected memory cell to a ground potential voltage source, 
disconnecting the source from the ground potential voltage source, connecting 
the source to a voltage source having a predetermined voltage potential, 
disconnecting the drain from the ground potential voltage source, detecting the 
voltage level on the drain and comparing the detected voltage level with a 
reference voltage level, thereby producing a comparison result. 

In accordance with a further aspect of the invention, there is provided 
a method for detecting the content of a selected memory cell within a memory 
array. In this array, there is a junction between every two neighboring memory 
cells and each junction is connected to a bit-line. The source of the selected 
memory cell is connected to a first one of the junctions and the drain end of the 
selected memory cell is connected to a second one of the junctions. The 
method includes the steps of connecting the junctions to a ground potential 
voltage source, thereby charging the memory cell array to a ground potential 
voltage potential, disconnecting the first one of the junctions from the ground 
potential voltage source, connecting the first one of the junctions to a voltage 
source, thereby charging the selected memory cell source to a predetermined 
voltage potential, disconnecting the second one of the junctions from the ground 
potential voltage source, detecting the voltage level on the second one of the 
junctions and comparing the detected voltage level with a reference voltage 
level, thereby producing a comparison result. 

It is noted that this method is applicable for virtual ground arrays 
where each of the junctions is connected to a separate bit-line and the gates of 
the ceils in a selected row are connected to the same word-line 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully 
from the following detailed description taken in conjunction with the drawings in 
which: 

Fig. 1 is a schematic illustration of a prior art memory array. 

Fig. 2 is an illustration of a prior art voltage versus time diagram, 
relating to the voltage which is applied and detected over a drain bit line, which 
is known in the art; 

Fig. 3 is a schematic illustration of a prior art method for detecting the 
content a selected memory cell; 

Fig. 4 is a schematic illustration of a memory array, operative in 
accordance with a preferred embodiment of the present invention; 

Fig. 5 is an illustration of a voltage versus time diagram for the 
memory array of Fig. 4, relating to the voltage which is applied and detected 
over a drain bit line, and 

Fig. 6 is a schematic illustration of a method for detecting the content 
a selected memory cell, operative in accordance with a preferred embodiment of 
the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention attempts to overcome the disadvantages of the 
prior art by providing a method in which the drain bit lines are pre-charged to 
ground. 

The following definitions are used in the description of the present 
invention: a "drain" is the bit line which is connected to the sensing amplifier and 
a source is detennined the line which is connected to a constant voltage 
potential, which, in the prior art. is the ground potential. In the present invention, 
the source is connected to a constant voltage potential, which is set to a voltage 
level greater than zero. 

Reference is now made to Fig. 4, which is a schematic illustration of 
a memory array, generally referenced 100, operative in accordance with a 
preferred embodiment of the present invention. Memory array 100 includes a 
plurality of memory cells 106. a plurality of word lines 102 and plurality of bit 
lines 104. 

As in Fig. 1, the memory cells 106 are arranged in a matrix. Each row 
of cells is integrally connected to a word line 102. Each column of cells is 
connected to two bit lines, one on either side. In general, a cell 106{x.y) is 
connected to word line 102y and to bit lines 104x and 104x+i. 

According to the present invention and as noted in Fig. 4, at first, all 
of the bit-lines 104 are discharged to ground and then, the bit-line which is 
selected as a source bit-line is charged to a predetermined voltage level Vi. 

Reference is further made to Figs. 5 and 6. Fig. 5 is an illustration of 
a voltage versus time diagram relating to the voltage which is applied and 
detected over a drain bit line, according to a preferred embodiment of the 
present invention. Fig. 6 is a schematic illustration of a method for detecting the 
content of a selected memory cell, operative in accordance with a preferred 
embodiment of the present invention. 

The method of the present invention is hereby presented by an 
example of a retrieval procedure of the data which is stored in cell 106(l+i.k). Cell 
106(ui.K) is connected to word-line 102k and to bit-lines 104l*i and 104l+2. In 
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the present example, bit-line 104l+i is defined as the source bit-line and bit line 
104l^.2 is defined as the drain bit-line from which the data is read. 

In step 150, all of the bit-lines 104 are discharged to ground. With 
reference to Fig. 5. line 301 denotes the discharge of the drain bit-line 104l*2 to 
ground potential. It is noted that the discharging to ground can be limited to the 
bit lines in the vicinity of the read memory cell which include the source bit-line, 
the drain bit-line and the bit-lines which are adjacent to the drain bit-line, such 
as bit-lines 104l4.3, 104l+4 and 104l+5. 

In step 152, the source bit-line is pre-charged to a predetermined 
voltage level. In the present example, bit-line 104l+i is connected to a voltage 
source, having a predetermined voltage level Vi. and hence is pre-charged to 
that voltage level Vi. 

Voltage level Vi is determined according to a plurality of 
considerations, such as the type of memory cell used, the word-line voltage and 
the like. For example, when the memory cells are NROM memory cells, such as 
described in US Patent 5,768.192. then Vi can be in the range of 1.3 volts to 2 
volts. 

In step 154, the drain bit line and the adjacent bit lines are 
disconnected from the ground potential. Accordingly, drain bit-line 104l+2 and 
adjacent bit-lines 104l+3. 104l*4 and 104l+5 are disconnected from the ground 
potential. At this point, the voltage level which is detected on the drain bit-line 
rises. 

In step 156, the voltage level on the drain bit-line (104l+2) is detected 
and used, later on. to determine the data which is stored within the read cell. 
The detection of the voltage level of the drain bit-line is performed by sensing 
amplifier 122. via decoder 120. 

The read cell exhibits a degree of resistance which is associated with 
the amount of electrons stored therein. When the cell is programmed with 
electrons, it exhibits a level of resistance which is greater than the level of 
resistance at the state of erasure (i.e.. essentially no electrons stored therein). 
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Accordingly, the detected voltage level of a programmed cell is 
characterized by a moderate voltage rise rate, while the detected voltage level 
of an erased cell is characterized by a faster voltage rise rate. 

Referring to Fig. 5, line 132 represents the detected voltage profile of 
a programmed cell, while line 134 represents the detected voltage profile of an 
erased cell. 

In step 158, the detected voltage level is compared against the 
reference level. In the present example, the detected voltage level, at time point 
T2, is compared against a single reference level. 

In step 160, the data value of the read cell is determined. When the 
detected voltage level is above the reference level, then the cell is defined as 
being erased. Otherwise, when the detected voltage level is below the reference 
level, then the cell is defined as being programmed. 

It is noted that step 158 can be implemented in alternative ways, 
where more than one reference level is used. 

Furthermore, it is noted that the present invention eliminates the 
need to pre-charge adjacent bit-lines to predetermined voltage levels, thereby 
significantly reducing the noise which can be induced therefrom. 

The pre-charge voltage level of the drain bit line is ground and the 
source voltage level can be provided in a broad range, from 0.2 to 2 volts or 
higher. Accordingly, the present invention provides a pre-charge method which 
is tolerant of a variety of Vcc voltage levels. This eliminates the need for a 
tightly regulated power supply. 

It is noted that the method of the present invention does not require 
equalizing of a plurality of bit-lines to a predetermined voltage level above zero. 
This minimizes the power requirements and hence the size of the power supply 
unit. 

Furthermore, the present invention does not require that the single 
source bit-line, connected to the read cell, be charged to a specific voltage level, 
thereby eliminating the demand for a precise power supply unit. 

According to the present invention, all of the bit-lines other than the 
source bit-line are kept at the ground voltage level, before and after the sensing 
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(level detection) stage. As a result, a pre-charge to ground of each of these 
bit-lines is substantially easy, since, at the beginning of the pre-charge stage, 
the bit-line exhibits a voltage level which is significantly close to the final 
pre-charge level. Hence, the amount of charge being transferred during a 
pre-charge to ground operation is significantly low compared with a pre-charge 
to a predetermined voltage level, as in the prior art. 

Another advantage of the present invention is that, since all of the 
bit-lines other than the source bit-line are pre-charged to ground, the Y-decoder 
does not have to cope with a plurality of situations and its complexity is 
significantly reduced. 

Furthermore, since only a single bit-line is pre-charged to a 
predetermined substantial voltage level, the power consumption and initial 
current spike are relatively low. Hence, the present invention provides a 
pre-charge method which requires a low current power supply mechanism. 

According to the present invention, no accurate voltage regulation 
mechanisms are required for the adjacent bit-lines, which significantly reduces 
the complexity of the overall system, since the entire collection of bit-lines are 
pre-charged to ground. 

As a result, valuable chip material is spared, since no high current 
regulated voltage power supply units are required. 

With respect to the drive current parameter Tdrive. for the present 
invention, the calculation is as follows: 

I*driveoc(Vc-Vt-Vs)^ oc(2.7-0.8-0)^=(1 .9)^=3.61 . 

In comparison, the drive current of the prior art is proportional to 0.04. 
Hence I-2EiX§. = 2:^«ioo which indicates that, for the present invention, the 

^ DRIVE 004 

time period for pre-charging is significantly shorter than that of the prior art. 
Moreover, the time period for equalization of the voltage potential over the bit 
lines of a memory array is also significantly shorter in the present invention than 
in the prior art. 

It will be appreciated by persons skilled in the art that the present 
invention is not limited to what has been particularly shown and described 
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CLAIMS 

In a memory cell array including a plurality of memory cells, a method for 
detecting the content of a selected memory cell, the method comprising 
the steps of: 

charging a drain of said selected memory cell to a ground potential; 
charging a source of said selected memory cell to a predetermined 

voltage potential; 
detecting the voltage level on said drain; and 

comparing said detected voltage level with a reference voltage level, 
thereby producing a comparison result. 

The method according to claim 1, further comprising the step of 
determining the content of said selected memory cell according to said 
comparison result. 

The method according to claim 2, wherein said content is determined as 
programmed when said comparison result indicates that said detected 
voltage level is lower than said reference voltage level and wherein said 
content is determined as erased when said comparison result Indicates 
that said detected voltage level is higher than said reference voltage 
level. 

In a memory cell array including a plurality of memory cells, a method for 
detecting the content of a selected memory cell, the method comprising 
the steps of; 

connecting a source and drain of said selected memory ciell to a ground 

potential voltage source; 
disconnecting said source from said ground potential voltage source; 
connecting said source to a voltage source having a predetermined 

voltage potential; 
disconnecting said drain from said ground potential voltage source; 
detecting the voltage level on said drain; and 
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comparing said detected voltage level with a reference voltage level, 
thereby producing a comparison result. 

The method according to claim 4, further comprising the step of 
determining the content of said selected memory cell according to said 
comparison result. 

The method according to claim 5, wherein said content is determined as 
programmed when said comparison result indicates that said detected 
voltage level is lower than said reference voltage level and wherein said 
content is determined as erased when said comparison result indicates 
that said detected voltage level is higher than said reference voltage 
level. 

In a memory cell array including a plurality of memory cells having a 
junction between every two neighboring memory cells and each junction 
being connected to a bit-line, a method for detecting the content of a 
selected memory cell, the source of said selected memory cell being 
connected to a first one of said junctions, the drain end of said selected 
memory cell being connected to a second one of said junctions, the 
method comprising the steps of: 

connecting said junctions to a ground potential voltage source, thereby 
charging said memory cell array to a ground potential voltage 
potential; 

disconnecting said first one of said junctions from said ground potential 
voltage source; 

connecting said first one of said junctions to a voltage source, thereby 
charging said selected memory cell source to a predetermined 
voltage potential; 

disconnecting said second one of said junctions from said ground 

potential voltage source; 
detecting the voltage level on said second one of said junctions; and 
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comparing said detected voltage level with a reference voltage level, 
thereby producing a comparison result. 

The method according to claim 7, further comprising the step of 
determining the content of said selected memory cell according to said 
comparison result. 

The method according to claim 8. wherein said content is determined as 
programmed when said comparison result indicates that said detected 
voltage level is lower than said reference voltage level and wherein said 
content is determined as erased when said comparison result indicates 
that said detected voltage level is higher than said reference voltage 
level. 

In a memory cell array including at least one row, a word line for each 
row and a plurality of bit-lines, the at least one row including a plurality of 
memory cells, each of the memory cells including at least a source end 
and a drain end, said source and drain ends being connected to different 
ones of the bit-lines, a method for detecting the content of a selected 
memory cell, the source of said selected memory cell being connected to 
a first one of the bit-lines, the drain end of said selected memory cell 
being connected to a second one of the bit-lines, the method comprising 
the steps of: 

connecting said bit-lines to a ground potential voltage source, thereby 
charging said memory cell array to a ground potential voltage 
potential; 

disconnecting said first one of said bit-lines from said ground potential 
voltage source; 

connecting said first one of said bit-lines to a voltage source, thereby 
charging said selected memory cell source to a predetermined 
voltage potential; 
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disconnecting said second one of said bit-lines from said ground potential 
voltage source; 

detecting the voltage level on said second one of said bit-lines; and 
comparing said detected voltage level with a reference voltage level, 
thereby producing a comparison result. 

The method according to claim 10, further comprising the step of 
determining the content of said selected memory cell according to said 
comparison result. 

The method according to claim 11. wherein said content is determined as 
programmed when said comparison result indicates that said detected 
voltage level is lower than said reference voltage level and wherein said 
content is determined as erased when said comparison result indicates 
that said detected voltage level is higher than said reference voltage 
level. 
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